EXHIBIT A 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent Application of 
TAMAKI et al. 
Serial No. 10/531,085 
Filed: Aprill 1,2005 

For: OXYNITRIDE PHOSPHOR AND PRODUCTION PROCESS THEREOF. AND 

LIGHT-EMITTING DEVICE USING OXYNITRIDE PHOSPHOR 
*********** 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Rule 1.131 Declaration of Hiroto Tamaki, 
Suquru Takashlma. Masatoshi Kameshlma. and Takahiro Naitou 

We are the named inventors of U.S. Patent Application 10/531,085 (hereinafter 

"the '085 application") and are authorized to act on behalf of Nichia Corporation, 

assignee of the entire right, title and interest of the '085 application, and hereby declare 

as follows: 

1 . We were directly involved in and responsible for the prosecution of the 
'085 application as well as the PCT application from which the '085 application claims 
priority. 

2. The inventions contained in the '085 application, as reflected in the 
present claims were conceived prior to (a) the effective date of U.S. Patent 6,717,353, 
entitled "Phosphor Converted Light Emitting Device" and issued to Mueller et al., and (b) 
the effective date of U.S. Patent Application 2005/0205845, entitled "Luminescent 
Material, Especially for LED Application" filed by A. Delsing et al. These two references 
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were cited by the Examiner singly or in combination against the claims of the '085 
application in the Office Action dated November 29, 2007. The earliest effective date of 
the Mueller patent is October 14, 2002 and the earliest effective date of the Delsing 
application is September 23, 2003. 

3. The earlier conception date of the attached amended claims is established 
by the attached copy of a Laboratory Notebook (Notebook) wherein we describe the 
inventions reflected in the present claims of the '085 application. See Exhibit B and 
Exhibit B1 (an English translation of Exhibit B), attached hereto. The inventors' 
Notebook pages were signed by us prior to October 14, 2002. 

4. In addition, the inventions disclosed in the Notebook pages were 
witnessed in other contemporaneous documents by notaries Mr. Takahide Yasuda and 
Mr. Kouichi Kusano prior to October 14, 2002, as evidenced by their seals on Monthly 
Reports that were drafted on the basis of the inventors' Notebook pages. See Exhibits: 
C, C1 (Identifying Mr. Yasuda's seal), and C2 (an English translation of Exhibit C); D, 
D1 (identifying Mr. Yasuda's seal), and D2 (an English translation of Exhibit D); E, El 
(identifying Mr. Kusano's seal), and E2 (an English translation of Exhibit E). 

5. In addition, Mr. Eiji Ogawa, the President of Nichia Corporation, witnessed 
the Monthly Reports as show by his signature on page 2 of Exhibits C, D and E dated 
prior to October 14, 2002; Mr. Kaoru Sinoyama, Division Director of Nichia Corporation, 
witnessed the Monthly Reports as shown by his signature on page 2 of Exhibits C and 
D dated prior to October 14, 2002; Mr. Teruji Yamakawa, General Manager of Nichia 
Corporation, witnessed the Monthly Reports as shown by his signature on page 2 of 
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Exhibits C, D, and E dated prior to October 14, 2002; IVIr. Miyuki Sumitomo, Engineer 
Manager of Nichia Corporation, witnessed the Monthly Reports as evidenced by his 
signature on page 2 of Exhibits C, D, and E dated prior to October 14, 2002; and Mr. 
Keiji Ichinomiya, Development Department Manager of Nichia Corporation, witnessed 
the Monthly Reports as shown by his signature on page 2 of Exhibits C, D, and E dated 
prior to October 14, 2002. It should be noted that each of the above named individuals 
signed page 2 of the identified Monthly Reports prior to its attestation by the respective 
notary. 

6. In keeping with United States Patent and Trademark Office policy the 
actual dates appearing in the attached Notebook pages, monthly reports, and this 
Declaration have been redacted, but we attest that all such dates are earlier in time than 
October 14, 2002, the earliest possible effective date of the cited references, i.e., the 
Mueller et al. patent and the Delsing application. 

7. Mr. Tomohisa Kishimoto, of the Intellectual Property Department of Nichia 
Corporation, was in charge of drafting all six priority applications to the '085 application. 
Mr. Kishimoto is currently a Japanese Patent Attorney of the Legal & Intellectual 
Property Department of Nichia Corporation. Mr. Kishimoto was asked to draft and file 
the first priority application (JP 2002-301636) on September 4, 2002 which is prior to the 
critical date of October 14, 2002 of the cited references. He diligently prepared a draft 
on September 19, 2002 which was also prior to October 14, 2002, and subsequently 
diligently finalized and filed the application in the Japan Patent Office on October 16, 
2002. Mr. Kishimoto was asked to draft and file the second priority application (JP 
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2002-301637) on October 4, 2002 which is prior to the critical date of October 14, 2002 
of the cited references. He diligently prepared the second priority application which was 
also filed in the Japan Patent Office on October 16, 2002. 

8. We hereby declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are believed to be true; 
and further that these statements are made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 



Date: -Bsc&^kr- 6 , loQ^ Name: /U^ht: /mOM-^ 

Hiroto Tiffnaki 
Inventor of '085 Application 



Date: /^gW>^ ^''^ Name: c 




Suguru Takashima 
Inventor of '085 Application 



Date: ^tcUc^r K Name: '^'<^>^'^^ K^^^-^^^ 



Masatoshi Kameshima 
Inventor of '085 Application 



Date: i)QCQxr\}<i^^ gooS Name: JaAi/l(}i,&. AcuMa 

Takahiro Naitou 
Inventor of '085 Application 
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3 


0.95 


92.112 


Ami 


Ca3N2 


148.3 


3 


u.yo 


46.949 


2.407 


Ce02 


172.1 


1 


n 1 
U. 1 


17.21 


0.882 


Si3N4 


140.3 


3 


0 


233.85 


1 1 .989 








/ 


390.121 


20.000 


(SrO.45. CaO.45. Ce0.1)2Si5N8 








M.W. 




/Sea ru 




- (g) 


Sr3N2 


290.9 


3 


0.9 


87.264 


4.363 


Ca3N2 


148.3 


3 


n Q 

U.9 


44.478 


2.224 


Ce02 


172.1 


1 


MX. 


34.42 


1.721 


Si3N4 


140.3 


3 


3 


233.85 


11.692 








1 


400.012 


20.000 


(SrO.4, CaO.4, Ce0.2)2Si5N8 








M.W. 








?S^M (g) 


Sr3N2 


290.9 


3 


0.8 


77.568 


3.696 


Ca3N2 


148.3 


3 


0.8 


39.536 


1.884 


Ce02 


172.1 


1 


0.4 


68.84 


3.280 


; Si3N4 


140.3 


3 


5 


233.85 


11.141 








7 


419.794 


20.000-^1?^ 



■03. 2.07 




(Sr0.97Eu0.03)Si2O2N2 jS'^^ot^- 





Sr3N4 


9.140 g 


Eu203 


0.513 g 


Si02 


5.709 g 


Si3N4 


4.649 g 


ToTal 


20.011 g 


(Sr0.485Ca0.485Eu0.03)Si2O2N2 




Ca3N2 


2.625 g 


Sr3N4 


5.150 g 


Eu203 


0.250 g O.z'^^;^ 


Si02 


6.433 g 


Si3N4 


5.233 g 


ToTal 


19.691 g ^: 



(CaO.97. Eu0.03)Si2O2N2 





Ca3N2 


6.0074 g 


Eu203 


0.6615 g 


Si02 


7.3589 g 


Si3N4 


5.9909 g 


ToTal 


20.019 g 


(CaO.88. Eu0.12)Si2O2N2 


Ca3N2 


5.1265 g 


Eu203 


2.4889 g 


Si02 


6.4441 g 


Si3N4 


6.0074 g 


ToTal 


20.067 g 



-5* 



1/ 
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Mg3N2 


4.526 


Eu203 


0.7318 


Si3N4 


6.627 


Si02 


8.142 


Total 


20.0268 




Ba3N2 


11.20 


Eu203 


0.4159 


Si3N4 


3,765 


Si02 


4.627 


Total 


20.0079 







9a ^^/^ ^(P'L ^Jltu 





^3A / I 




\ 
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Silicon oxymtrides investigated by MARUTA 



1..:: 

\ 



. ... ^ 



i •! T " 

©■ Calculation of mix amount ..: 



• In CESN, since the brightness is high when the molar ratio of Eu with 
respect to Ca is 0.02-0.04, the Eu concentration is set to 0.03. 



-r — r 



i 



-t ■■ ■ 



\ (mistake) 



1 CcjL 



is no protdem 
in calculation of the 
_ composition ratio. 



— 1-— 1- 
t2- i 



'V" 



i 



Ujtv'.V 



O derived from Eiu203: 



i : i 1 f 
Deficient O: 



.jo.]- 



I 
i 
I 



Addition amotmt of Si02: j^^^ 
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Addition amount 



• 



it 



e>,e> B 



— i---t- 



2S 



O derived from EU2O3 



\0 



'Mi 



Deficient O: 



! 



Addition amoimt of SiOa: 



Deficient 



i 



. .1 .. >j 



I 1 

Addition amount of S^Na: 



I 



i 



I 



1 ; 1 i I I j i ]. : • 



~* — 



e. n%. ■■■ j : 



1^1 12. 7.^^ 



= 1 



=-1 a. 



:/■«} 

..fLuJ^.i 
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ii^l Calcination samples 



W 



Raw materials 



CD 



-1 



t- 



- 1 




For some reason, the pressure, of 

the gas cylinder was reduced, and only 

0.3L of NHs flowed. 3© 
Read and Understood By 
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Emitted yellow light at when excited at EX=253.7, 365 nm 
(the brightness was high when EX=365 nm). 

[ — y^t portiori^l;^, there wab no light emission when 

excited at EX=253.7, 365 nin, (slightly emitted red 
, light). j..,^... 

—► Too hard to be separated. , l.-™.. 

The volume is small, about a half of C 1 SON- 1 
Too hard ^ cannot be crushed — ► not practical 
-> stuck to PBN, so that PBN was peeled ofF-^ cannot 
be separated. 



S i. 



Body color on surface: 



. Internal body color: 



dull yellow No light emission 
(EX=365, 25—) 

red —►emitted red light 

^ The brightness was high at EX=365. 

[ j Coniinued on Page 
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1 lotno std 


X 


y 


ly 


eng 


qnt 


1 i ■ 


: 

"*" ~ 


IC1SON-1 1206-0 1-01 


0.439 


0.542 


39.3 


35J2 


34.4 


Temperature properties 


! 


. , — ^ ... 


lotno 


std 


X 


y 


iy 


eng 


qnt 


i 





ICI SON-1 RT EX=460nm 


CI SON-1 RTEX=460nm 


0.448 


0.533 


100.0 


100.0 


100.0 


C1SON-1 50C 


C1S0N-.1 RTEX=460nm 


0.445 


0.534 


83.8 


94J2 


94.1 


CI SON-1 100C 


Ct SON-1 RTEX=460nm 


0.438 


0.538 


71.6 


72.8 


72.7 


CI SON-1 150C • 


CI SON-1 RTEX=460nm 


0.431 


0.539 


39.3 


41.1 


40.9 


CI SON-1 200C 


CI SON-1 RTEX=460nm 


0.421 


0.536 


13.8 


15.1 


15.1 


1 : 
: 1 


fCI SON-1 250C 


CI SON-1 RTEX=460nm 


0.409 


0.526 


5.1 


6.0 


6.0 


CI SON-1 300C 


CI SON-1 RTEX=460nin 


0.389 


0.510 


2.3 


3.1 


3.1 






CI SON-1 35C 


CI SON-1 RTEX=460nm 


0.448 


0.533 


97.3 


97.4 


97.4 








Luminescence spectra of (Cao.97Euo.o3)Si202N2 
(EX=460nm) 




CI SON-1 
206-01-01 



480 530 580 630 
Wavelength (nm) 



680 



730 



Reflection spectra of (Cao.97Euo.o3)Si202N2 




C1S0N-1 
206-01-01 



240 



340 440 
Waveieneth (nm) 



540 



., f 

J J.. 



i 



4 f f 



....I. 



•i 1- 



"T- 

\ 



4 
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1 



mi 



til 



p. 



Temperature properties of luminescence 
spectra of (Cao.97Euo.o3)Si202N2 



EX=460hm 





40 




35 




30 




25 


gB 


20 


v 


15 


a 




10 




5 




0 













C1S0N-1 3SC 

win ■ 

C1S0N-1 30DC 
ClSON-1 250C 
C1S0N-1 200 C 
ClSON-1 150C 
ClSON-1 100C 
ClSON-1 50 C 
ClSON-1 STD 














^^^^ 













































480 



530 5B0 630 

Wavelength (nm) 



680 



730 



:J.J. 

I i 



EX=4bO nm Yellow light emission 
STD=NP230 





! ! 
..L -,v— . 



I 

--•i 
I 



■•-I i- 



-|. ; . 

! i 



! 



** r 



Luminescence spectra of {Cao.97Euo.o3)Si202N2 (EX==400nm) ' 

2500 



•c 
m 

a> 
> 

-5 
o 
0: 



2000 



1500 



1000 



500 





























....T.l 


*, * \ ; ■ , . 





















CISON--1 

230-01-01 EX400 
206-01-01 



420 



520 620 
Wavelength Cnm) 



720 



Read and lindersttsod B/ 





Date 



i.^-. Date 



PROJECT 



Notebbo 

Con 





Ca3N2 


6.0074 g 


Eu203 


0.6615 g 


Si02 


7.3589 g 


Si3N4. 


5.9909 g 


ToTal 


20.019 g 



(SrO.475. CaO.475. CeO.05 



Sr3N2 



Ca3N2 



0eO2 



Si3N4 



M.W. 



290.9 



148.3 



172.1 



140.3 



7C 




0.95 



0.95 



0.1 



(CaO.94. Eu0.06)Si2O2N2TC (A oh'-? V^iH^^i 



Ca3N2 . 


5.7017 g 


Eu203 


1.2957 g 


Si02 


7.0414 g 


Si3N4 


5.9966 g 


ToTal 


20.035 g 



02S!5N8 



.7e 



s 



33 



92.112 



46.949 



17.21 



233.85 



390.121 



2.407 \ 



0.882 



1 1 .989 



20.000 



(Ca0.9t . Eu0.09)Si2O2N2 JOlJ^O^f- ^ 



Ca3N2 


5.4083 g 


Eu203 


1.9044 g 


Si02 


6.7368 g 


Si3N4 


6.0021 g 


ToTal 


20.052 g 



(CaO.88, EuO.1 2)Si202N2T O ( Po^S 



Ca3N2 


5.1265 g 




Eu203 


2.4889 g 




Si02 


6.4441 g 




Si3N4 


6.0074 g V- 




ToTal 


20.067 g ^ 





M.W. " 










Sr3N2 


290.9 


3 


0.9 


87.264 


\ 4:363 


Ca3N2 


148.3 


3 


0.9 


44.478 


\ 2.224 


Ce02 


172.1 


1 


0.2 


34.42 


\ 1 .721 


Si3N4 


140.3 


3 


5 


233.85 


\ n.692 








7 


400.012 


Vo.ooo 


(SrO.4. CaO.4. Ce0i)2SI5N8 MjIq^ m^o 1 '^^^f' ^ f ^Miy cnyjun 




1 M.W. ^ 








\ ^/tt C3 M Kg) 


Sr3N2 


290.9 


3 


0.8 


77.568 


3.696 


Ca3N2 


148.3 


3 


0.8 


39.53B 


1.884 


Ce02 


172.1 


1 


0.4 


88.^ 


3.280 


Si3N4 


140.3 


3 


5 


233.^5 


11.141 








7 


419.7fli4 


20.00P'?r»N 




r0.97Eu0.03)Si2 




m 


Dm 


Sr3N4 


9.140 g 


Eu203 


0.513 g 


Si02 


5.709 g 


Si3N4 


4.649 g 


ToTal 


20.011 g 



(CaO.97. Eu0.03)Si2O2N2. 



(Sr0.485Ca0.485By0.03)Si2O2N2 



Ca3N2 


6.0074 g 


Eu203 


0.6615 g 


Si02 


7.3589 g 


Si3N4 


5.9909 g 


ToTal 


20.019 g 


(CaO.88. Eu0.12)Si2O2N2 


Ca3N2 


5.1265 g 


Eu203 


2.4889 g 


Sf02 


6.4441 g 


Si3N4 


6.0074 g 


ToTal 


20.067 g 



afnounT 



mmrn 


Ca3N2 


2.625 g 


Sr3N4 


5.150 g 


Eu203 


0.250 g c.2-9^??i 


Si02 


6.433 g 


Si3N4 


5.233 g 


ToTal 


19.691 g 
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Calcination samples 



I 

! 



i i : ! » 



-1 : — a.— 



1 ! 



! ; ; ' i ! ' • I i ; i : - F 
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^ . Appearance when taken out 



lie surface 
ras glassified 




Intensity of 
yellow light 
emission we 
high at 
EX=253,7m 
365n2ii 



White substance on the stirface 
(blue^green U^t emission). Lighter 
body color compared with the other three. 



Body color=yellow (gradually 
darker) 

Surface body color=dark yellow 



There were particles emitting red light on 
the surface. fThe number 
gradually increased.) 



i Body color=ocher (gradually 
t became yellow) 

Brown spots (insufficient mixing?) 

Yellow light emission at EX=253,7, 
365nm (almost the same intensity) 
fThere were particles emitting red 
light on the surfiace.) 

Only in this sample, grey particles not 
endtting light in the direction where NH3 
was not contacted. 
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Sr3N2 



Ca3N2' 



Ce02 



St3N4 



Total 



M.W. 



290.9 



148.3 



172.1 



T40.3 



-ft 



z 



0^7 5 



1 



46.056 



23.4745 



8.605 



46.77 



; b .la. 



4g>- 



7.375 



3.759 



1.378 



7.489 



20.000 



OQj 

ml 



From Poge , 













^ ;S&« (E) - 


Sr3N2 


290.9 


3 


0.95 


92.112 


4.722 


Ca3N2 


148.3 


3 


0.95 


46.949 


2.407 


Ce02 


172.1 


1 


0.1 


17.21 


0.882 


Si3N4 


140.3 


3 


5 


233.85 


11.989 


Total 






7 


390.121 


20.000 



.05)Si4N?^ 





M.W. 








/M'ntt (g) - 


Sr3N2 


290.9 


3 


0.475 


46.056 


3.473 


Ca3N2 


148.3 


3 


0.475 


23.4745 


1.770 


Oe02 


172.1 


1 


0.05 


8.605 


0.649 


Si3N4 


140.3 


3 


4 


187.08 


14.108 


Total 






5 


265.2155 


20.000 



^ (Sr0.475Ca0.475OqQ/ip5)Si5.5Ntg ^--St/WI^SJ 




... ... .; 









M-^m (g) — 


Sr3N2 


29(p.g 




0.475 


46.056 


2.747 


Ca3N2 






0.475 


23.4745 


1 .400 


Ce02 






0.05 


8.605 


0.513 


Si3N4 


140.9' 




5.5 


257.235 


1 5.340 


Total 






6.5 


335.3705 


20.000 



(Sr0.475C a0.475CeOjO 



Sr3N2 



Ca3N2 



Ce02 



Si3N4 



Total 



M.W. 



290.9 



148.3 



172.1 



140.3 



, (SrO.95Oe0.05)2Si5N8 




0.475 



0.475 



0.05 



8 



Si/M =7 r^cw - X 



46.056 



23.4745 



8.605 



327.39 



405.5255 



2.271 



1.158 



0.424 



1 6.1 46 



20.000 



Sr/Ca=10/0 





M.W. 


3 










Sr3N2 


290.9 




3 


1.9 


184.224 


8.465 


Cep2 


172.1 




1 


0.1 


17.21 


0.791 


St3N4 


140.3 


—i 


3 


5 


233.85 


10.745 










7 


435.284 


20.000 



(Sr0^85Ca0.665Ce0.q|S)2Si5N8\, f>qt/g 



VSr/6a=3/7 f C - I 





M.W. 








^M^M (g)^ 


Sr3N2 


290.9 


3 


0.57 


55.2672 


2.971 


Ca3N2 


148.3 


3 


1.33 


65.7286 


3.533 


Ce02 


172.1 


1 


0.1 


17.21 


0.925 


Si3N4 


140.3 


3 


5 


233.85 


1 2.571 








7 




2PO0O 
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(CaO.97. Eu0.03)Si2O0.5N^Cl^oX/- (SrO.97. Eu0.O3)Si2O0.5N3 jft^ bt 



CaSNZ 


D.40o4 Z 


Eu203 


0.1051 g 


Si02 


1.8270 g 


Si3N4 


11.0785 g 


ToTal 


20.020 g 





9.6094 g 


Eu203 


0.5394 g 


Si02 


1.3966 g 


Si3N4 


8.4689 g 


ToTal 


20.014 g 



i 



-i-rt 



t 



4 



(CaO.97. Eu0.03)Si20 1 H2.fc t (SrO.97. Eu0.O3)Si2O1 N2.773y Jte/"^ 



Ca3N2 


6.2689 g 


Eu203 


0.6903 g 


SI02 


3.7513 g 


Si3N4 


9.3088 g 


ToTal 


zoms g 



Sr3N2 


9.448692 g 


Eu203 


0.53041 g 


Si02 


2.882392 g 


Si3N4 


7.15272 g 


ToTal 


20.014 g 



(CaO.97, Eu0.03)Si2O2N2rcl-P«>iy-^y (SrO.97. Eu0.03)Si2O2N2T>?/.yoAI 





6.0074 g 




Sr3N2 


9.1428 g 


Eu203 


0.6615 g 




Eu203 


0.5132 g 


Si02 


7.3589 g 




Si02 


5.7096 g 


Si3N4 


5.9909 g 




Si3N4 


4.6482 g 


ToTal 


20.019 g 




ToTal 


20.014 g 


(CaO.97. Eu0.03)Si2O4Na.6Tcl.^-/Cr 


(SrO.97. Eu0.03)Si2O4N0.67//l' 


Ca3N2 


5.5448 g 




Sr3N2 


8.5869 g 


Eu203 


0.6106 g 




Eu203 


0.4820 g 


Si02 


13.7407 g 




SI02 


10.8483 g 


Si3N4 


0.1217 g 




St3N4 


0.0961 g. 


ToTal 


20.018 g 




JoTal 


20.013 g 




i 





r i : . ! : i ; : : ; 




t 


I 1 J 


■ I i i i i ; 










i 1 1 . 


-i ! -; -4- -4 


» . i . 








_.j • 1 L. 


! i 1 5 1 
! i i 
.... ...1 i J , .1 . i. . . 5. 


.J..: L.;../ 
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Object 



1_ Changing the Sr, Ca/Si ratio in SrCaSisNsrCe to cotifirm properties. 



Changing the Sr/Ca ratio in (Sr, Ca)2Si5N8:Ce to confirm properties. 



I 



Raw materials 



Refer to page 44. 



T 



Calcination pattern 



Due to deterioration of the 
heating element, the tem.perature 
I was increased only to less than 




i i i ! ! : 1 ' i i i ^ I I ; 



1 

Backward 
of the 
furnaces 



• I . • 

...4.. „,.... 



. - J.. , 



r 
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.1. 



Feed amount 



TAT 



1 



i 



4- 2.; 



1 



77 J X 



a J? 



2 



4^1 



-4 7 



2tf 



2 2.t> 



Appearance when taken out 



de-ficiencv of 



^j^,.^ .^ ^Ha smell was considerablv stroni 

, :-A ._ 




Particles emitting blue l^^ht and tllose emittixig green lig b^ were doTOiiy . 



Many particles 
emitting red light 
on the sur&ce 

Contamination, of Eu? 




TMCSN-1 
TMCSN-2 
TMCSN-3 



TMCSN-4 
TMCSN-5 



TMCSN-6 
TMGSN-7 
TMCSN-8 
TMCSN-9 



Body color 
light brown 

-light green 

light green 



EX^365 NM 



cloudy "w^te 
broiKni 



Yield 



•light green 
dondy xvfaite 
clouciy white' 
cloudy white 



emission of blue glimmering emissior 
light of blue light 

emission of green -\ - gHmmexing emissior 
light \ of green Kgjit 

the brightest of the J 

three, the other / Brightness: #2 

two were the same./ *^ 

#3 

no light emission 
emission of green 
light 

gradually became 
weaker 



no light emission 
glimmering emissior 
of green light 
gradually became 
weaker 
—^no light emission 
>J^no light emission 
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Coactivating oxyxLitride with Eu and Mn to confirm properties. 
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Calcination pattern 



MOTOYAMA furnace 






Appearance when taken out 

i i • I i 

__' L !_ i 



IT 



_^Sh Taken 
out 



Yield 



Tendency of glassification -»• Although very hard, can be crushed with a 
mortar. Body color: dark yellow 
l Uniformly calcined until the surface (however, there was a slight 
amount of an extremely hard brown portion). 



-t - 



Tendency of glassification — ► Although very hard, can be crushed with a 
mortar. Body color: dark green (looks like darker than that without Mn) 
Uniformly calcined imtil the surface (however, there was a slight 
amount of an extremely hard brown portion).. 
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Mg mixed cryslaj^ 



Note be 



No 

ed From Page 



Object 



I 



Mixing Mg with the mother body to confirm respective properties. 



Raw materials Ca0,97Eu0.03Si2O2N2 TC-Z^^'V-^o CaQ.87MgQ.1 Eu0,03Si2O2N2 



I 

. ..J . 



J 



Ca3N2 


6.0074 g 




Ca3N2 


5.4400 g 


Eu203 


0.6615 g 




Eu203 


0.6679 g 


Si02 


7.3589 g 




Si02 


7.4300 g 


Si3N4 


5.9909 g 




Si3N4 


6.0470 g 


ToTal 


20.0187 g 




Mg3N2 


0.4259 g 


Sr0;97Eu0.03Si2O2N2 Ti^lA'o^f^ 


Sr0.87Mg0.1 Eu0.03SI2O2N20 


Sr3N2 


9.1428 g 




Sr3N2 


8.4610 g 


Eu203 


0.5132 g 




Eu203 


0.5296 g 


Si02 


5.7096 e 




Si02 


5.8920 g 


Si3N4 1 


4.6482 g 




Si3N4 


4.7980 g 


ToTal 1 


20.0139 g 


/9 JT^ 


Mg3N2 


0.3377 g 




PROJECT. 



Noreb 



Continued From Page _. 



63 





Oxynitride phosphors 



Calcination of MgSi202N2:Eu, BaSi202N2:Eu 



Object 

Calcining MgSi202N2:Eu, BaSi202N2:Eu to confirm properties as novel 
phosphors. 



Raw materials 



Mg3N2 


4.526 


Eu203 


0.731 8 


Si3N4 


6.627 


Si02 


8.142 


Total 


20.0268 



% . Calcination pattern 
. MOTOYAMA furnace 





Ba3N2 


11.20 


Eu203 


0.4159 


Si3N4 


3.765 


Si02 


4.627 


Total 


20.0079 





^ ?Xf2^ 7S>^^ Taken out 



^ Feed 

«— 

Backward of the furnace 
^ Feed amount 







' 



Appearance-when taken out 

TMGlSON-1 fMgl 
Body color: light ocher 

E1X=253.7 nm Body color: white, only a part of the body emitted 

light blue light. 

EX=365 nm Ditto 

In both cases, equal brightness 

TBAlSON-1 fBa) 

Body color: dull yellow 

EX=253.7 nm Non-light emitting particles and those emitting green 
color light were mixed. Not possible to determine from their body color 
EX=365 nm Ditto 
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1 3feX3^^T 
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3 > > h 



LED m^ntpm^ 



r 7/18YAG 9fea^tfl=^>.^T«f 5ti\ ^j^jE'I:^.!^^^^ 



LED ffi YAG <D^lfl:5£^tUX[i. ®S3b^<N .^#J?>fe 



. . - — _i — 1 -I. 1 « JiU All. }~x — r3i* 



■7 ^tii^^L-o 



■8 ^ 3~5 fr^^o 



. 1 ^:L^p^_6M^m7o^~(B^^^.^!?^^:^^s. 

■mmmm leoo^c), ^Ji^-^C^ffl ieoo^c)f m^.ii^^^^ 



S^^aa L£D, 183^ Mlf.c 7.0^A^?_^_e. 



04FR3-002(|iS:'('^}?KS 



4^ S ^ 



•400nm1 



.»g UP ^it^n^^^^^^.^^t.^.'if^M^.^. 

lKVyiy[^i^^,.9reenTXi[2f'). 

LED f Mffo 400nm+COA+YAG 7W^^^ 

®Srm3f^. 

•Timminco Sr 4kg X^. jPlfti^^ttf?.!/??.*..-: - 



3 > 



2. mitm^^iit^ 



®afe l^_.^fflhf.-^?- YAQ^^T) 

• W - ^« 

•irsS'^7-^fc y . SPEC, j^^.. .1^^!^^. !l=iA~2 



.®T^9-.^M^!!'?-L - - - 



®^''^Q.Z.T:rr/kS^5^^ - - 

(3)BMSE(Ba^ Mg i'y.^7>.Eu jS. _Eu;MnJtS)_(^^^^^ 

l*l5lSl^^._Qreen;Pird5,;^^iL^^ 



3. ^^\V>$'- 



(I)il«/\V>**-®1k^.C*f5i?;^ 

SSU3SS^«feA^ii''''fe<'?.f.#j5t^t^.". 



ag 





s J? ^^?.}!^^.9?M§h^^^.^-'- 

y^m&^y,o^j^,^9.^^^S^t^. 

gyy*v>AV>?:7.^^A*'E'-iL^?P- - 



I la 
on 



4. VFD ffiifr^ RED 











;X3 



i5 

■Q 




" CESN <Oi4M#) i: UT . Caa202N2:Eii ± 5 bixTV ^ 5. (O^Jt^rSr B fit)® ft i: 

♦ ggR PDF file fciaSfcWfc STIB®~®&f^SaUfco (Ibp 'Ibiiip.=1600'C, NH3 ^fflfO 
® (CaO.97, Eu0.03)Si2O2N2 © (CaO.97, Eu0.08)2Si3O2N4 

(3) (CaO.97, Ea0.03)3Si2O4N2 © (CaO.97, Eu0.03)4Si4O9N2 



Bo^C5olor=Yenow, ^•fe^jt'itjfe*. EX=400iim "eSilW*- Y=911% (STD=206-01-0l) 



*[S*i?- : BodyColor=<-t-A/*:Yenow„ EX=253.7, 365nm -e^3t«i U 

rtla^^F- : BodyGolor=Eed. EX=253.7. 365nin -Tr^#,^it. v {h<gl^-^?l^'etO!^gH^'5T ago 



(D 



BodyC5oloi=YeUow. 253.7. 365nm "CS^It^^^t.. Air -tfSEgi-^), 



® 



BodyGolor=:^ ]) — J».-feo 253.7, 365nia T?^7tiS Lo .^^(w:*' 9 ;^-(t;. 



CaSi202N2:Eu fifefig^®! 



400iim Eb® 6 #. LED --co*A»w(6] »t. CaSi202N2:Eu <7?#i4 up Sr 1 J^-t". 

imjs£=(Ca0.97, Eu0.03)Si2O2N2, Top Temp.=1600'C, J^fi£#ffi^=NH3 
Y=911% (SrD=206-01-0l) 



Eu m^Jt=0.06, 0.09. 0.12 



NH3-{N2 t^J: t) U& IjS^tC upo Y=1174% (SrD=206-01-0l) 



Top Temp.= 1500'C, 1400'C 



Top Temp.iSTJ- i 9 SSJf<ST. Y=710% a400'C, STD=206-01-01) 



Ca/Sr tfc=5^, 0/10 



Ca/Sr=0/10 -eWS*S 1.49'fffJr Tq>„ Y=1357%.(ST'D=206-01-.01) 



(Df+©?PJgCM — Eu aSiKaS^t. C!e. Pr. Tb. Mn, Sm if V 

©Sa^W^H -» i . Mg, Ca. Sr, Ba a . Si. B, Al. <5a,.Iii. 

®Stffl^<OS3t{k; — N2/NHStt. N2rtI2tt 



.;m;,:j^s<W^%Ji;..;-. 
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rHIRS^S (R3-1) J t^V^T 






3 > > H 



L£D mmjl&iiii^gS^ 



r 7/1BYAG gk&&ftH=-:>L->T^a®fTt>. -^^jfTfl j.^*-?:??^^ 



LED ffl YAG fl!>ra9l:^ft^a,Ttt. ^aSTOlSofcfS^fflJRLs 



■7 •5.^^f?ir'A 

•8 ^ 3~5 fr-^^o 



■^SsIpC^^ leOO-OT- eiO~e50nm f-^;T£S^f >7'A 5 llta^v LAt -T? 



S^aS LED, mS^fe LED M<to 7<7&^^o 





^ ^ jS 


=1 y > K 
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1 



: R8-1 



CBSNO^mmmki.X. CaSi202N2:En J: S |gfe3£jfeEfcTas^P>iX-CV ^ 5. r:0«3fc*Mi:l«)«l5ti: 

♦liB^ PDF ffle fclBftOfc 5 TI3(D~® Srf^Sl U*:. Clbp 'Ibmp.=1600'C, NHS 
(D {CaO.97, Bu0.0B)Si2O21® @ (C5a0.97, Eii0.O8)2SiaO2N4 

® <CaD-97. Bu0.08)8Si2O4ie ® <Ca0.97, Bu0.03)4Si4O9N2 



Bod^CQloF=YeUow, jlfe^^3fefe> EX=40Qnm T-?55^a-^ Y=911% (.gr]>aO6-01'0D 



: BodyGolor=< i-A/«Yell0Wo E&^5S.7, 865iim-eS3t«U 
rtS^^ : BodyGolor=Red. EX;=25S.7. SBBsm -e#fe%3fe. if^ ^^(fc^g|fe^-*^•?0@^^'^t&> 



BodyCQlor=TeIlaw« 258.7, 365nm T^T^J&SSBJfc. Air «f -eWSiLi-5>. 



® BodyCoIors^' y — 25S.7, SSSnm Tf^jfe^ b» ^^tw^^-^^^bo 



»gfl{) 400nm S "fe LED '^^Al^l^ tt, CBSi202N2:E« O'fiHt up S: S J&i". 

jafi£==<Ca0.97, Bu0.03)Si2O2N2, Top 'Ibiiip.=160Crc, ilfig^B^NHS 
y=911% <STD=206-01-01) 







Eu SiJ5gJt;=0.06, 0.09, 0.12 






NH3- 


'N2 t/i D i^SE 1.28 up. Y=1174% (3^0=206-01-01) 


Tbp Tfemp.= ISOCC, 1400'C 


Top TfempieTlw i U »l£{g;To Y=710% a400^, STD=2O6:01-Ol) 


Oa/Srtt:=5ffi.0/10 


Oa/Sr=0/10 1.49 -f&tr iq>. Y=1357%.(ST'D=206-01%01) 



-*EntS£Md&it. Ce.Pr.Tb.Mn, Sm-WS-ftif ••:•/ - / ■\^^^=r=^•• •V..•:;.• 

-» i . Mg, Ca. Sr. Ba a. SUB.AL<^aiM :;.str 



EXHIBIT C2 



1 



02-K-379 



Regarding "Development Monthly Report (R3-1)" 



491-100, Oka, Kaminaka-Cho/ Anan-Shi, Tokushima-ken 
Nichia Corporation 

Deputy of intellectual Property Department Manager 
Ichiro MATSUSHITA 



3 





















rH 






-r- 










W 




4-) 






^ CU 






4H 






> -H 






1 rH 






I 



I 

O 

to 

H 

to to 

Q) M 




to 
to 

CU 



to TJ d M-t 
0) ® S O H 



0) 
TO 



2 



1 



" § i ^ i-S 

■y '-d 



I — I 



8^ 



^ .§ --^ 5 



0) «H "S -g I ° 



•H 
U 
•H 



^ CO 5 

m to ^ 

^ S ^ i 



^ w ^ 
S « ^ ""^ m 2 i^' ^ " 



to 



to 



10 



T3 



III 



^ 1^ § s 

5 -H G» (U S J-> 

^ ^ ^ -3 § ^ a; ^ 

*w 3 

^ S ^ ^ ^ g. 





CU y Q) 



to 

t ^ 

to 

I 

o g 

to -H 

to 



<u 



O 




CU (U 



8 



3 




CD -M 

(T3 Q t) J^J 



TO 

•I 

U 





t 4J 



Q) H 4-J OJ D 

H 1 S ^ ^ 

aj J-) 4J ^ p 



8 -y .a 



-a 



P3 



H s 8 



B i .o 0) ^ 

0) 4_) 

6 I ^ -S tJ 



i 



. . CO 

sal 

4-? 

§1 

P) ^ >i4-> U 





5J G {g g Q) 

1 -p §1 tj ^ 

y S 

Jo 
O M 
O 

^ Q) m r-i 

r? CI) I O 



a ft CD « 

-H OT 

>,T3 g 



3 I I 5 5^ 




M 

5 -p 



"J w y 

s -3 ^ 

CO 0) ^ 

. 5 . -8 



in 




(D 
•H 



0) 
CO 



CO 



1 

g 

I 

M 
CO 



o 



I. 




Q) 

U 
•H 
4-) 

O 

& 



1 




S « 8 .§' 5- 

4-i *W (1) 

1 1 s ^ ^ 
-s .Sti^w 

^ cs. +^ '"^ ^ W 

n, ^ 8 ;g S g 

P ^ P 0) g 

i ^ 4. . § s 

. SBdl 8 




I 

•H -H 



^ " -a 



CO rn .--^ -H 



W m rn "'^ 

^ - (U Q 



I 



8 





First Dlvisim 






Divisicn 
Director 


Psodjctdjcn Qsnber 


Srcperty 




Gssscal 


Deputy 

GgaSTrO. 


Enginper 
Mnflger 


DsparbDsxt 

Manager 


DwelrtiiHi'it: 

Secticn 
Ifenager 



















Monthly Report [July 2002] Division R3-l^ Name: Masaru 

TRKASHIMA 

Calc±nati6n test for calcium oxynitridej 

Cbject; - As a by-product of CESN, luminescent particles of 
CaSi2Q2N2:Eu,r vAiich emit yellow lii^t are obtained. . To produce this 
phosphor as an objective substance^ and e5^>erimentally produce 
bxynitride phosphor' having another corcposition for searching the 
possibility of its ^plication as a novel phosphor. 

Experiment; The following substances (D-® described in the PDF file 

were produced. (Top terrp.=1600'C, NBfe atmosphere) 

® {Cao.?7, Euo,cQ)Si2Q2N2 (D (Cao.^/ EUo.oa) 2Si3Q2N4 

(D (Cao.g?/ Euo.cb) 3Si204N2 ® (Cao.??/ Euo.oa) 4Si409N2 

Results: 





Body color=yellow, phosphor emitting yellow light, hi^ bri^itness 
excited at EK=400mwY=911% (Sri>=206-01-01) 




Surface particle: hody color=^dull yellow, no lic^t emission excited at 
EX=253.7, 365rm 

Internal particle: body color-red, red li^t emission excited at 
EK=253.7, 365nm, tendency of glassi f i cati on cannot be crushed in a 
nortor 




Body aolor=yellaw, a little yellow-green li^nt emission excited at 
EK=253.7, 365nm, will rupture in air, ccnpletely glassified liquified, 
flowing out, and damaging the furnace ti±)e and PEN boat 




Body oolor-cream color, no li^t emission excited at EX=253.7, 365nm, 
ccnpletely glassified 



.* (D has the possibility of practical application as the phosphor for 
400nm excitation white color LEDs. However, since glassification 

occurs in © to (D, the possibility of practical application is low. 
Calcination test for CaSi2Q2N2:Eu| 

Cbject: In preparation for introduction to the 400nm excitation white 



cx)lor LEDs, to inprove properties of CaSi2Q2N2:Ea, 

Experiment; Conditions shown in the following table were changed f rem 
the normal calcination conditions. 



Normal calcination conditions: .carcposition=(Cao.snf Euo.oa) Si2Q2N2, top 
temp. =1 600 X, calcination atmosphereNSIHa, Y=911% (STD=206-01-01) 



Condition changes 


Resullfs 


Ccnposition ratio of 
EiJ=O-06, 0.09, 0.12 


The hi^est bri^tness vrith the ocsrcposition 
ratio=0.03 (nontal product). -►reqairing detailed 
optimization 


Calcination 

aliiospl'iereF^t 


Biy NH3 — N2, the bri^tness was increased 1.28 times. 
Y=1174% (ST' 0=206-01-01) 


Top tCTp.=1500'C, 1400 'C 


By decrease of top tonperatiice, the bri^tness was 
reduced. Y=710% (1400'C, ST'D=-206-01-01) 


Ca/Sr ratio=5/5, Q/10 


Due to Sr mixed crystal, li^ emission shifted to 
green 

with Ca/Sr=0/10, the brightness was increased 1.49 
times. Y=1357% (Sr'I>=206-01-01) 



Schedule: In preparation for irtprovement of the properties and 



patent applications, the following ® (2) will be conducted* 

® Change of activator ^ optimization of the Ea concentration/ 

activated with Ce, Pr^ Tb, Mn, Sm and the like 

0 Change of cortgposition— i. Mg, Ca^ Sr^ Ba 

ii. Si, B, Al/ Ga, In 

iii. Ca/Si/O ratio 

(D Cptimization of atmosphere N2/NH3 ratio, N2/H2 ratio 
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9.^ 1 10.^ 
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m it^ S 






(DYAG a7a5taa(^4^. ^iSlS^g 7-8// m, Syg 206-01 it 125-^135W. 
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jc^jsr^o ( 206-23 ^^.^afcS:a<D•^M/7';^':-:7t,^T^^•^) 




(2)5t^ . M^b^tels RED iitim(D^smm.izmm±<^-otzc 








LED QREEN-YELLOW ^^tUX. Ba-Mg v')'r-mt. 




Ca-SryyX/t^H^-fhMH^lit^*. 400nmI^^T■C*fc»g(D^^^i^fc^* 




SAE jt. 80— 90%sj5re#fco Qfcas^ii^-Sa 




•TG-whiteLED «*i(=0£ffi$ttrLN-5Sitef**«. cLttt, Si m'^imtmmm. 


t-YAG T?l*m^ 
































• 1 ;^x^(5[S^T o (3)-(i>^iip®teW«g» ©^ilFii 9/io *^^>TORrti» 












•mfieM^. NH3. N2. H2/N2. NH3/N2 fl^'X-^Btglo NH3 SStgitai-C, 




i!#i4[pi±.„ 'mp^imm. ^'^^mtx- ms '^i}<mAjXi^^t^mr^o . 




IM2. H2/N2-e4,70~80%»gl3:MJ$$tLfrA<. 100%l5l^ai3:ai3R5B:A^ofco 









04FR3-002(:^3£'flFSS:a: 
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=g 4^ ^ 



a ^ > h 



@i/ij3>t4>>t'fhMK(Eu#5g QREEN-YELLOWXTSS) 




• Sr/Si *aiiS:> Eu g®1b. Mg. C&. Sr, Ba B ^[fet'O^feft^S^o 1 




.1)400nm+COA+YAG. 2)400nm+CCA+'>'j3>tJryt'fhMh*+t'fhrfK RED 1 




1 SMOOnm+CCA+SAE+t-fhMKREDOafeLEDi^jae 1 




^:K^tt. 100%, 90%, 95%co®Stk-e(5(Sisi^o^ita)Mfey^o 




©Sr TttMS.^, ffli^itl<^^b^CP 1/20) 










^9/6jllti±i^S 


|(DafeLEDSBtfflby:i7-YAG(:|:T) 1 




1 206-23 01 *^?><Z>M7*^M=t=. 7-8 ^ -C 70kgo 10 ^ 40kg il^^^o 
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1 206-22 HtS. UP aTOe 30kg K^^^", , . 
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jSJg3b< 30— 50%tC'|gT. 
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R3- 



♦ 16?) Itfe^^t^Jtt^-efcS MSi202N2:Eu (M=Ca, Sr)rc>efet.ED'^0«7J3j;t5#fF*^l'fb5r 

C^^*-e^wJ^lSlWlSfioi'e>J^7t^^'P}=^-T. Eu JgS • Sr/Ca ttoSag-ft^Sr^f o7t„ 
CSIfiS:^ ; i©^=MftTdEu,Si20sN2 CM=Sr/Ca). Tbp l&*=1600p, j^fiS;^ffl^=N23 



®Eu SK^H [Sru-riEii^iaOzNa] 
•fib&3fero&ft«::i?). SfciiEuJgie;5SRjS5c (Fig.i, 2) 

• Euj|gg(Oiii^tw#V^f-^'^S•g*? red shift -^^-^mm^^m^. (EX=400am,460imiI^D^|fil) 
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Monthly Report Position R3-1, Name: Masaru TAKftSKOyiA 

Calcination test for oxynitride-base phosphor^ 

Object; To cptimize calcination conditions and to confirm the 
properties, aiming introduction of MSi2Q2N2:Eu (M=Ca, Sr) that is a 
phosphor emitting yellow li^t to a vfliite color lED, and granting of 
patent rights. 

ExperiTnf=>nt: Under the calcination conditions viierein the hi^est 
bri^tness was obtained so far, optimization of the Eu concentration 
and the Sr/Ca ratio was perforcned, 

[calcination conditions; corrpDsition = M(i-^)EU3cSi202N2 O^^r/Ca) / top 

teiiperature=1600*'C, calcination atmosphereF^Nz] 

Results: 

(i) Change of Eu concentration [Sr(i^}EUxSi2Q2N2] 

The optimal Eu concentration differed depending on the 
wavelength of the excitation li(^t. (Figs. 1, 2) 

The peak wavelength was shifted to the red side, acccnpanied by 
an increase of the Eu concentration, and the chjximaticity was also 
shifted to the red side. (The same tendency at EX=400 nm, 460 nm.) 
(D Change of Sr/Ca ratio [SrxCa(o.g7-x)Euo.Q3Si2Q2N2] 

The liminescence efficiency was irtproved by an increase of the 
Sr/Ca ratio, and Sr/Ca = 7/10 erfiibited the highest lumijnescence 
efficiency. (The same tendency at EK=400 nm, 460 nm.) 

The peak wavelength was shifted to the blue side, acccnpanied by 
an increase of the Sr/Ca ratio, and the dhromaticity was shifted to 
the green side. (The same tendency at EX=400 nm, 460 nm.) 
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E(%) 
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X 
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400nm 
(ST'D=230- 
01-01) 


101.1 


86.4 


90.4 
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460niii 
(ST'D=206- 
01-01) 


92.5 


75.9 
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0.400 
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Table 1 luminescent properties of samples wit±x hi^est 

luminescence 



Comments; 

The increase of the Eu concentratian greatly improved the 
luminescent efficiency viien excited at EX=460 nm, reaching a level 
fram which it is possible to target the introduction to the vdiite 
color LED (EX=400, 460 im) . Fiarther^ there was a report (from R3-1 
-SOEUE) that the lifetime characteristics of the LED were deteriorated 
by the combination of the YRG-base phosphor + the inorganic binder. 
This also proves the advantage of the oxynitride-base phosphor. 
F\arther^ the analysis results of the. TG v*iite color. LED (SQ3. SSK^a) 
suggests the possibility that TG use oxynitride as the phosphor 
onitting yellow light. From the above viewpoint, we aim to inprove 
the properties of the present phosphor, and obtain patent ri^ts. 
Schedule: 

® Alkaline earth metals other than Sr, Ca are introduced. 
© Bf Al are doped into the Si site. 
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Fig. 1 Changes in liaminescent properties depending on Eu concentration 
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Fig. 2 Changes ia. luminescent properties depending on Eu concentration 
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Fig. 1 Qianges in luminescent properties depending on Eu cancentxation 
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Fig. 2 Changes in luminescent properties depending on Eu concentration 
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Monthly Report Divisicm R3-1, Name: Masaru 

Investigation of oxynitxide-base phosphorsl 

Cbject; To introduce ^Bi20^2:ELL (tt=alkaline earth metal) to a 
vAiite cx)lor lEDr and confirm properties/ while aiming granting of 
patent rights. 
Experiment; 

(D Introduction of M=M:g, Ba 

From the esqDeriments conducted so far, it has been found out 
that the brightness >jp is changed in the case where the position of M 
is Ca or Sr. This time, (Mgo.g7,Euo.a3) Si2Q2N2 and(Bao.gr7f Euo.03) Si2Q2N2 
phosphors are prepared, and their respective luminescent properties 
are confirmed. 

© Preparation of sartples with the hi^est brightness 

Frcm optimization of the Eu concentration and the Ca/Sr ratio, 
the coEtposition achieving the hi^est brightness viien excited by light 
having a peak wavelength of EX=400nm was (Sro.ff72/Cao.288r Euo.o4)Si2C)2N2. 
Phosphors of this cotcposition are prepared and by further performing 
acid treatmmt and classification, the current samples with the 
hi<^iest brightness are prepared. 
Results; 

(D Introduction of M=Mg, Ba 

As shown in Fig. 1, the luminescence intensity reached the 
maximum in the case of Sr (there was almost no luminescence in the 
case of Mg) . Further^ as shown in Table 1, it was foimd that as the 
ionic radius of the alkaline earth element became larger, 'kp became 
shorter. 
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Sr^ 




Ionic radius ( (A) ) 


0.78 


1.06 


1.27 


1.30 


Xp (nrti; Ex-400n[a) 


569 


561 


539 


509 



Table 1. 7^ When respective alkaline earth elemi^ts were losed 

(2) Preparation of saitples with the hi^est bri^tness 

The highest bri<^tness at EX=40Qnm was obtained. However^ at 
EX=46Dnnw the reduc±ian of brightness occurred by the treatment. We 
consider that the reduction of bricfitness is attributable to the fact 
that the treatment includes crushing and . sieving processes and an 
increase of reflectance near 460nra due to an increase of surface area. 
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93.3 


98.0 
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Before treatitent 


107.5 


86.2 
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Treated sanple 


91.0 


73.6 


69.1 


0.372 


0.598 


547 



Table 2 Luminescent properties of sarcples with the highest bri^tness 
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Eig. 2 Change of reflec±ian • excitation spec±ra by treatment- 
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0 before treatment (excitation) ' 
<^acid treatment + classification (excitation) 
(|)befor« treatment (reflection) 
^acid treatment + classification (reflection) 
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[Tables and Figures] 

Table 1 . ^ When respective alkaline earth elements were used 
ionic radius (A) 

Table 2 Luminescent properties of sanples vdth the hi^est brightness 

Fig- 1 Luminescence spectra of (Mo.??/ Euo.03) SiaQzNz 

(EK=400nm) 

Fig- 2 Change of reflection • excitation spectra by treatment 

before treatment (excitation) 

acid treatment + classification (excitation) 

before treatment (reflection) 

acid treatma:it + classification (reflection) 
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